Most crop simulation models require the use of Genotype Specific Parameters (GSPs) which provide 29 the Genotype component of G×E×M interactions. Estimation of GSPs is the most difficult aspect 30 of most modelling exercises because it requires expensive and time-consuming field experiments.
management practices, and variety characteristics. The model uses a standardized system for model 118 inputs and outputs that have been described elsewhere [18 and 19] . The input system enables the 119 user to select crop genotype (variety), weather, soil, and management data appropriate to experiment 120 being simulated. Required crop genetic inputs for CERES Maize are given in Table 1 . were laid out in a split-plot design with three replications. Nitrogen rates were assigned to the main 168 plots while the varieties were assigned to the sub-plot. Although the experiments were conducted in the rainy season, moisture contents were monitored and supplementary irrigation was provided to 170 ensure no moisture stress. All conventional agronomic cultural practices were followed. The data 171 collected for model evaluation includes grain yield (kg ha -1 ), total grain nitrogen (kg ha -1 ), total tissue 172 nitrogen (kg ha -1 ) and nitrogen harvest index (percentage). Total grain and tissue nitrogen were 173 determined using the Micro Kjeldahl method. measurements were then converted to growing degree days (GDD) using the relationship:
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Ten plants were tagged from the center of each plot in each replication for phenological observations.
180
The end of the juvenile stage (i.e. panicle initiation) was determined through destructive sampling 181 and dissection of three plants, followed by observation of apical meristem to check for floral bud 182 development at 2 d intervals starting 14d after emergence. 
Model evaluation 260
The model was calibrated using data from conventional experiments or breeder evaluation trials.
261
Model evaluation was done using data from the nitrogen trials ( 3 and 4 respectively.
275
(1) 2 = 1 -
Where n is the number of observations, is the simulated data, is the measured data, and is 281 the mean of the measured data. The values of GSPs generated using data from calibration experiments and breeder evaluation data 286 are shown in Table 4 . The highest degree days from emergence to end of Juvenile stage (P1), and 287 from silking to end of physiological maturity (P5), were recorded for SC 8325 in both the 288 experimental and breeder data. The lowest degree days was recorded for Ife hybrid 5 using 289 calibration data and Ife hybrid 6 for breeder data. The variety SC 8325 produced the largest number 290 of maximum possible kernels (G2) for both data sets. The value of G3 (kernel filling rate) ranged 291 between 6.32 and 8.20 for the experimental data, and between 6.50 and 8.40 for the breeder data.
292
Phyllochron interval (PHINT) values ranged from 36.9 and 45.5 °Cd for the experimental data and 293 between 34.9 and 55.0° Cd for the breeder data. Grain and tissue nitrogen, as well as grain yield, at harvest were simulated using independent datasets 341 from trials conducted at BUK during the rainy seasons between 2013 and 2016. Simulations were 342 done using GSPs generated from both experimental and breeder data. GSPs where such data is available. As shown earlier, very accurate GSPs could be generated if large 425 amount of data from many years (also planting dates) and various locations are available. This will 426 go a long way in providing model users with cheap and easy ways of calibrating GSPs of existing 427 and newly released varieties to their locations.
428
Evaluating the generated GSPs for simulation of grain yield, tissue nitrogen and grain nitrogen using 429 independent datasets resulted in good agreements between observed and simulated values. For grain 430 yield, comparisons of measured and simulated values using both GSPs generated using experimental 431 and breeder data showed very close agreements under medium and high nitrogen applications. For 432 comparisons under nitrogen stressed conditions however, poor agreements existed between observed 433 and simulated grain yields for both GSPs. This is a common occurrence with simulations of grain The CERES-Maize model has been shown over the years to be an important tool in evaluating crop
